This research analyses the connection between homicides, corruption, and economic development in Colombian government departments. This empirical research explores the trends of homicides, corruption, and economic development utilizing different estimation techniques: DEA and econometric analysis with panel data. The DEA is applied to assess socioeconomic performance and interactions of homicides, corruption, and economic progress in Colombian, according to the rank and uncertainty of corruption and violence. Econometric models are Generalized Method of Moments (GMM) estimates to determine the incidence of some institutional and socioeconomic variables on the score range of uncertainty and risk generated by DEA in terms of the level of corruption and homicides. Estimates with DEA data envelopment analysis shows that the risk score associated with homicides and corruption has different tendencies, socioeconomic and political instability are causes that explain the behaviour of this variable over time. The results of the panel data estimation show that there are several hypotheses and theories that explain the effects of corruption and violence on the economic development of countries. This finding indicates the importance of developing effective policies that strengthen public administration, the judicial structure, and public social spending and thus rupture the cycles of corruption and homicides that prevent the creation of sustained economic growth and development.
Introduction
In this complex world, corruption, or the overreach of public power for personal profit, has become a problem that affects most of the political, social and economic actions of a society, Morales and Finke (2015) . This event slows economic growth and development, debilitate democratic institutions, and produces governmental uncertainty and instability, which can lead to crime and homicides, Cotte and Martinez (2019) . Moreover, poverty and corruption is likely to increase because of the lack of opportunities and the decrease in social investments and economic growth, Cie slik and Goczek (2018).
Poverty is more likely to increase because of the lack of opportunities and the decrease of social investments. Economic growth is debilitated because investment decline due to the increase transaction costs. Within the country, small and median businesses are often affected by the consequences of corruption, (Cotte, 2017b) including higher costs (Cotte, 2017a; Shao et al., 2007) .
Le Billon (2003) has analysed the role of corruption in armed conflict with various conceptual interrelations and shows that corruption extends war through two interrelated mechanisms associated with the benefits associated with the armed conflict.
First, armed conflict offers a productive ground for corruption and unlawful enrichment. Second, corruption can break the efficiency and dedication of the armed forces, especially government forces. Neapolitan (1999) has compared nations with low and high levels of crime using a model of cross-national crime variation and shows that countries with high levels of crime are characterised by a high degree of corruption and inefficiency within the criminal justice system. Hodgson and Jiang (2016) have analysed corruption as an instability event that influence at the same time private and public spheres. The erosion of social rules by organisational corruption produces big social costs that may lead to social, violence political and institutional uncertainty. Vaal and Ebben (2011) have explored the incidence of public corruption on economic development using a two-layer model that showed that an institutional lack produces corruption, which causes a decline in development due to lower growth of public goods and labour. Shao et al. (2007) have analysed quantitative relations between the level of corruption and its economic causes utilizing a time series analysis. They found that less corrupt countries show important economic development, whereas more corrupt countries show minor development. Moreover, Gyimah and Munoz (2006) have used panel data methods to research regional discrepancy in the effect of corruption on economic development and income inequality. Their research found that low-income countries are characterised by high rates of corruption and low rates of economic development. Blackman et al. (2006) have study corruption using the Colombian environmental authorities and found that corruption was a dilemma at both the country and state levels. Thoumi (1999) has considered the connection between corruption and the drug trade and showed both that this relationship is cyclic and that both are the consequence of the deterioration of institutions accompanied by the delegitimation of the government.
The empirical investigations on the dynamic relationships between economic growth, homicides and corruption have been focused at most in two of these variables. In this article two contributions to literature are proposed. First the relative efficiency of the Colombian economy is estimated in terms of homicides rates, corruption measures and economic growth using data envelope analysis (DEA); this allows evaluating the social conduct of the Colombian departments. On the other hand, the main drivers of the social performance are identified using dynamic panel estimation; this gives lights on the factors that cause this type of social dynamics. The relationships between income growth, violence and corruption are analysed In this research, cluster analysis is used. Colombian departments are separated among departments with a moderate level of corruption and violence, and a low level of corruption and violence using k-means clustering, Cotte (2012 Cotte ( , 2014 . In mathematical terms, we seek to minimise (Types, 2000) ,
Data envelopment analysis (DEA) is a method applies linear programming to design a non-parametric boundary and allow comparison of relative efficiencies. The CCR DEA structure was applied by Charnes et al. (1978) with the following relationships:
Restricted to:
.::; n; i ¼ 1; .::; m;
The data envelope analysis is a linear programming model, in line with Charnes e
Cooper the maximization can be expressed as:
The number of decision making units (DMUs) increase with the number of degrees of freedom and and decrease with the number of inputs and outputs. Cooper et al. (2007) propose a rule to count the DMUs number.
Where x ¼ DMUs, g ¼ inputs and f ¼ outputs.
In this research, following, Cotte (2014) , the inputs are delimited as a desired characteristic and the outputs are delimited as a non-desirable characteristic. H0: The DEA and the ICV or ITD have the same probability distribution.
To calculate the statistical the sum of the ranking of group A is performed. Using the central limit theorem the statistical follows a normal distribution with mean m(m þ n þ 1)/2 and variance mn(m þ n þ 1)/12. Therefore the standardized statistic is given by:
Where S is the sum of the rankings for group A. The number of DMUs is m, and n is the number of DMUs in the other group. The statistical TwNð0; 1Þ, see Cooper et al. (2007) .
The panel present a time dimension T relatively close to the number of departments, therefore the possibility of cointegrated panels was analysed using the Pedroni (2001) methodology. Nevertheless the panels used in the model do not exhibit a unit root. The null hypothesis of unit root was tested using the individual unit root test of Im et al. (2003) and the common unit root test proposed by Levin et al. (2002) .
The dynamic structure of the dataset is modelled with a dynamic panel. To estimate the parameters in the model the generalized method of moments (GMM) is used, Arellano and Bover (1995) y Blundell and Bond (1998) . The method uses lagged differences as instruments. It is most likely that simultaneity and measurement errors are present in our data set. This methodology can resolve both problems, and also by includes lags of the dependent variable the omitted variables bias can be attenuated, Cotte (2012) .
The regression model for violence and corruption is:
Equation (8) and a GMM method are employed to obtain consistent results of the variables relevant and to adjust for bias originated by endogenous explanatory variables. The models estimated in this research are. this authors show that their estimators outperform, in terms of bias reduction, the Arellano and Bover (1995) and Blundell and Bond (1998) estimators. The result is based in certain conditions; one is that the autoregressive parameter a 1 presents a large magnitude. In the fourth section of this study it is observed that this is not the case here. Actually the Blundell and Bond (1998) estimator were developed to reduce the bias generated by large a 1 in the usual level model and first difference variables as instruments. When a 1 is moderately small and a stationary panel the Arellano and Bover (1995) has good properties in finite samples.
Results & discussion
The Figs. 1 and 2 and Table 1 shows the results of the classification of the Colombian government departments by corruption and violence levels using cluster analysis. There are clusters of mid-level corruption and violent activities around a number of departments in different Colombian regions. The economic activities in these departments are somewhat varied, but they predominantly consist of the mining, agriculture and livestock industries. Finally, the departments with a moderate level of corruption and homicides are mainly in charge of the west and centre regions. Several of these departments, which manage large populations, have the highest levels of development, and their primary economic activities include agriculture, livestock, and industry. These results show that corruption and violence have different trends within the Colombian departments and that issues such as economic growth and development, economic activities, localisation, natural resources, and political instability may determine higher or lower levels of corruption and violence. Various studies have demonstrated that a culture of impunity, political instability, and low economic growth and development are integral factors of corruption and homicides (Pellegrini and Gerlagh, 2008; Zaum and Cheng, 2008; World Bank, 2003) .
The estimates of the data envelopment analysis are shown in Figs. 1 The Wilconxon test supports the null hypothesis. The indexes present the same probability distribution. In Table 3 the results of the test are presented, the DEA model applied in this study is adequate to measure violence, corruption, and economic development.
The estimates with the technique of DEA evidence fluctuation in the DEA index for Colombian departments. To interpret these fluctuations, the DEA model applies Tables 4, 5 , and 6, illustrate the estimates of the econometric models with dynamic data panel, including those with middle-level risk, and moderate-level risk of corruption and homicides. Table 4 shows the results for all Colombian departments. The lagged homicidecorruption score has a significant impact on the corruption-violence score, which suggests that corruption and homicides persist over time. Several studies have discussed various causes for this persistence of corruption and violence. The main reasons are as follows: (i) corruption and violent activities may become more beneficial to criminals and corrupt individuals because these groups gain more expertise, and, especially for criminal individuals, legal labour market opportunities decrease as their criminal records increase; (ii) the reduction in the social cost of criminal and corrupt behaviour generates more criminal and corruption activities because of the lack of a proper response from the legal system in the use of appropriate sanctions, penalties and sentences that would discourage criminal and corrupt activities; and (iii) the persistence of corruption and violence may reveal links between violence, corruption and other socio-economic conditions that are persistent over time (Glaeser et al., 1996; Fajnzylber et al., 2000; Levinson, 2002; Mocan et al., 2005) .
Both the GINI coefficients and the Unsatisfied Basic Needs measurement show that there is a negative and significant relationship between a higher corruption and violence score and departments with higher income inequality and poverty. Various studies have demonstrated that the primary cause of poverty, inequality, and violence is corruption, which is illustrative of poor governance and mismanagement. Indeed, corruption and violence increase transaction costs, making financial aspects more difficult for the poor, and they corrode the development of societies. Furthermore, corruption generates and deepens social rupture while increasing social discrimination and societal segmentation (Gupta et al., 1998; Narayan et al., 2000; Eberlei and F€ uhrmann, 2004) .
Variables representing economic development show that departments with lower budget execution and mining extraction have higher levels of corruption and homicides, whereas departments with higher GDP per capita generate lower corruption and violence. These results are consistent with various studies in the Colombian context that argue that budget execution is low in departments with higher mining exploitation. Therefore, criminal and corrupt individuals have more opportunities to pursue criminal activities because these departments receive substantial royalties from the exploitation of mineral resources (Gamarra, 2006; Fisher, 2007) . Likewise, as illustrated in the results, the presence of armed groups and illegal drug trade in these zones generates a higher level of corruption and violence, although these variables are not significant in the model. Table 5 shows the results for departments with a middle-level risk of corruption and homicides. In these departments, the lagged homicide-corruption score, the GINI coefficient, the production of coal, lignite, and peat, and the actions of paramilitaries are significantly correlated with the corruption-violence score. This indicates that corruption and homicides persist over time and that higher inequality, production of coal lignite and peat and actions of paramilitaries generate higher corruption and violence.
This result illustrates the close relationship between corruption, violence and the illegal drug trade. Because Colombian illegal arms groups principally finance their activities using narcotics trafficking, they become a cause of corruption. Moreover, in Colombia, the corruption that is usually linked to violence and the narcotics trade has implicated powerful legislators, judges, and military officials (Charry, 2002; Rodriguez and Seligson, 2008; Acemoglu et al., 2010) , supporting the results of this study.
The variable of political participation shows that an increase in this variable generates a lower corruption-violence score. Thus, in departments with active, effective, and democratic institutions, an effective and independent judicial system, and active political participation, there is an increase in the probability of detection and punishment of corrupt and criminal activities, thereby reducing corruption and violence over time, in accordance with Sandholtz and Koetzle (2000) , Bohara et al. (2004) , and Saha and Campbell (2007) , among others.
The estimations of the econometric model for departments with a moderate level of risk for corruption and homicides are described in Table 6 . A lagged homicidecorruption score, the estimates for cocaine and cocaine paste seized and the unsatisfied basic needs are variables with significant effects on the corruption-violence score. Therefore, departments with higher cocaine and cocaine paste trafficking have lower levels of corruption and homicides, whereas departments with higher unsatisfied basic needs have higher levels of corruption and homicides, which tends to remain for an extended period of time.
Furthermore, the results indicate direct relationships between poverty and inequality and the corruption-violence score, which is characterised by low income, poor health and education status, lack of opportunities in the labour market, insecurity, poor government and public management, and other features that decrease economic growth and development. In the literature, the relationship between poverty, corruption, and violence can be explained by two models. (i) The economic model argues that corruption and violence affect poverty and inequality by altering and discouraging economic growth and development factors, such as foreign and domestic investments, taxing and dampening entrepreneurship, lowering the quality of public infrastructure, decreasing tax revenue, distorting the composition of public expenditure and budget execution, and forcing households and businesses to pay a higher proportion of their income in bribes, thus lowering the income of both households and businesses.
(ii) The governance model argues that corruption and violence affect poverty because they affect governance factors, leading to a reduction in governance capacity and generating weak political institutions, lower citizen participation, a decrease in productivity, and a lower quality of government management, services, security and infrastructure (World Bank, 2000; Mauro, 2002; Kaufmann and Kraay, 2002; Chetwynd et al., 2003; Goel and Nelson, 2010) .
The estimations of this research illustrate that Colombian departments that have low economic growth, and socioeconomics circumstances and extraction of mineral, illegal drug traffic, and the existence of armed groups are susceptible to higher corruption and homicides. This finding illustrates This investigation explains the importance of framework legal and strong, reasonable and efficient institutions, and governance and public management systems that contribute necessary attributes, all of which are indispensable to interrupt the vicious circle of corruption and homicides in Colombia.
Conclusions
In this research the different dynamic interactions between institutional variables, instability and economic development taking as a case study to Colombia during the 2001e2015 period given the availability of data is displayed. Several measurement techniques are used to contrast the main findings of the work, also the different estimates were presented using different empirical methodologies and consistency tests, including cluster analysis, the DEA, dynamic panel data models, these models are accompanied by evidence of robustness and reliability with the application of the test data envelopment analysis DEA degrees of freedom for DMUs, the Wilcoxon analysis and dynamic panel data with the Sargan test. The techniques used in this research show that models generate consistent estimates applied in the institutional economic analysis of homicides, corruption and economic growth.
The main findings of the study show consistent estimates with empirical evidence showing how corruption and homicides over time have adverse effects on economic development. The results indicate that by not fighting corruption, productivity, investment, capital and, therefore, economic growth and development decreases over time. From this perspective, the regression analysis using panel data techniques showed that poverty, inequality, drug trafficking, the actions of armed agents affect violence. It was also established that corruption negatively affects business growth.
From the methodology and techniques employed, it was determined that these variables are suitable to analyze the incidence of corruption and violence in the growth and economic development.
Our framework suggests that appropriate institutional policy is to strengthen the interactions between different economic agents, transparent participation in decisionmaking adequate and strengthened governance, strengthening the judicial system and adequate efficient resource allocation system. This would greatly decrease the vicious cycle that hampers development and economic growth of countries, Cotte (2011) .
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